Purpose Limited data exist on intensifying chemotherapy regimens in the treatment of adult acute lymphoblastic leukemia (ALL) outside the setting of a clinical trial.
INTRODUCTION
Current established regimens in adult acute lymphoblastic leukemia (ALL) result in a long-term overall survival (OS) rate of 40% to 50%. [1] [2] [3] [4] Over the years, improvement in OS has been attributed to more intensive combination therapies using high-dose methotrexate, cytarabine, monoclonal antibodies, and nelarabine, and, where appropriate, the optimal use of an allogeneic hematopoietic stem-cell transplantation (allo-SCT). [1] [2] [3] [4] [5] [6] Most of these results reflecting improvement in outcomes are from developed countries and were largely generated in the clinical trial setting. There has been a paucity of real-world data and even less data from developing nations, where good single-center registry or population-based registry data are usually not available. [1] [2] [3] [4] [5] [6] [7] Available information from developing countries has been derived from small, retrospective, and often singlecenter studies, with the reported OS for ALL reaching up to 40% in a select few reports. [8] [9] [10] [11] [12] [13] [14] [15] [16] Buyukasik et al 9 retrospectively compared the commonly used regimen of hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone (HCVAD; n = 68) with the Cancer and Leukemia Group B 8811 regimens (n = 65) and reported an inferior OS rate (26.3% v 44.2% at 5 years, respectively; P = .05) and a higher nonrelapse mortality rate (29.7% v 5.9%, respectively; P = .003) with the HCVAD regimen. This study had limitations as a result of its retrospective nature, small numbers, and a selection bias for different treatment regimens. 17 However, similar to the report by Buyukasik et al, 9 Alacacioglu et al 14 also reported a superior 5-year OS rate using a Berlin-Frankfurt-Münster regimen (n = 20) compared with the more intensive HCVAD regimen (n = 30; 59% v 34%, respectively). A common theme in these reports was the significant challenge in intensifying the chemotherapy regimens in adult patients with ALL in a developing country. The challenges were related to limited resources to manage treatmentrelated toxicities and prolonged cytopenia with subsequent infections leading to substantial morbidity and mortality.
Cancer care in India faces several economic challenges. [18] [19] [20] As reported previously by us and others, challenges to administering intensive chemotherapy regimens include resource constraints, a predominantly self-paying system of medical care, and a high incidence of multidrug-resistant infections. 18, 19, 21, 22 Long interruptions and abandonment of therapy after successful initial induction remission also lead to more resistant disease, as a result of delays in cancer care. 13, 23 An earlier study from our center reporting on the outcomes of 202 adults (age ≥ 15 years) using a modified German Multicenter ALL (GMALL) regimen demonstrated a complete remission (CR) rate of 82.2% and a 5-year OS rate of 38%. 15 To further improve results, we adopted a strategy of intensifying therapy for high-risk (HR) patients. The current analysis aimed to evaluate whether this strategy yielded improved results.
MATERIALS AND METHODS

Study Population
This was a retrospective, single-center study approved by our institutional review board (No. 7903, dated April 7, 2012). All consecutive adult patients (age ≥ 15 years) with a diagnosis of ALL from January 2004 to November 2014 were included in our study. Data for this analysis were frozen as of December 31, 2015. Diagnosis was made as per the WHO 2008 classification. 24, 25 Patients diagnosed before 2008 were reclassified to fit the WHO 2008 criteria. 24, 25 Prognostic risk stratification of cytogenetic abnormalities was performed based on the Medical Research Council UKALLXII/Eastern Cooperative Oncology Group 2993 trial and a population-based cytogenetic study of 349 adults (age ≥ 15 years) with ALL. 26, 27 Patients with t (8;14) were excluded from the current study. Molecular screening for BCR-ABL, TEL-AML, E2A-PBX, and MLL gene mutations was performed using conventional molecular techniques. 28, 29 CNS involvement at diagnosis was defined as reported previously. 15, 30, 31 
Clinical Risk Stratification
Patients were stratified at diagnosis into either the standard-risk (SR) subgroup or HR subgroup (HR) to aid in the treatment regimen decision. HR disease was defined as presence of at least one of the following four criteria: poor prednisolone response (peripheral blood blast count ≥ 1,000/μL on day 8 of initiating corticosteroids) 3 ; HR cytogenetics, including t (9;22) 33 Early precursor T-cell ALL was included in the HR category beginning in October 2012. 33 Patients with none of these risk factors were stratified as being SR for the purpose of this analysis.
Treatment Strategy
Patients stratified as SR received the modified GMALL protocol, as reported previously by us 15 (Data Supplement). Given the available financial resources, patients in the HR subgroup were offered the following treatment options: patients with financial limitations received our modified GMALL regimen, similar to our SR patients, whereas patients without financial limitations received the standard HCVAD-based therapy. 34 A myeloablative allo-SCT (conventional cyclophosphamide and total-body irradiation) was offered to all HR patients in the first CR provided they had an HLA-matched donor 35, 36 and after they had received three to four cycles of HCVAD. Patients who did not have a donor or opted not to have an allo-SCT were scheduled to receive six to eight cycles of HCVAD followed by maintenance therapy for 2 years. 34 Patients with CNS disease at diagnosis received six doses of triple intrathecal therapy (methotrexate 12.5 mg, cytarabine 40 mg, and hydrocortisone 50 mg) during the initial induction, in addition to assigned treatment protocol. 31, 37 Definitions CR was defined as the absence of blasts in the peripheral blood and CNS, an absolute neutrophil count > 1.5 × 10 9 /L, an unsupported platelet count of > 100 × 10 9 /L, and < 5% blasts in the BM at the end of phase I induction. 38 Relapse was defined as the reappearance of lymphoblasts at any site after achieving remission. 39 The time points for relapse were defined as follows: very early relapse, < 18 months from initiation of therapy; early relapse, > 18 months from initiation of treatment but < 6 months after completion of final maintenance therapy; and late relapse, > 6 months after completion of final maintenance therapy. 39 OS was defined as time from beginning of treatment to either death or the last follow-up date if alive. Event-free survival (EFS) was defined as time from beginning of treatment until the first event (relapse or death).
Statistical Methods
A comparison between the quantitative parameters was performed using a Mann-Whitney U test or a t test as appropriate, whereas differences in the qualitative parameters were evaluated using the χ 2 statistics or the Fisher's exact test. OS and EFS survival probabilities were estimated using the Kaplan-Meier method. A log-rank (Mantel-Cox) comparison was used to assess any statistically significant difference in the OS or EFS between the different subgroups. The prognostic significance of clinical and biologic factors in all of the patients was tested first using a univariate Cox regression analysis and then a subsequent multivariate Cox regression analysis as required. For all of the tests, a two-sided P ≤ .05 indicated statistical significance. All analysis was done using SPSS version 16.0 (SPSS, Chicago, IL).
RESULTS
Patient Accrual and Baseline Characteristics
Over the study period, 507 adults (age ≥ 15 years) were diagnosed and treated for ALL at our institution. The median age was 26 years (range, 15 to 67 years), with 334 patients (65.8%) ≤ 35 years old. Three hundred fifty-one patients (69.2%) were male. A total of 117 patients (23.07%) presented with WBC counts ≥ 50 × 10 9 /L. A total of 344 patients (67.8%) were identified as SR, and 163 patients (32.2%) were identified as HR. The baseline demographic characteristics of the entire cohort are listed in Table 1 .
Cytogenetic and Molecular Genetics
BM karyotype results were available in 442 patients (87.1%). Three hundred forty-five patients (78%) had SR cytogenetics (normal karyotype and other non-HR chromosomal abnormalities), and 97 patients (21.9%) had HR cytogenetics ( Table 1) . Of these 97 patients with HR cytogenetics, 61 (62.8%) were Philadelphia chromosome positive [t(9;22)] and 36 (37.1%) were Philadelphia chromosome negative [complex cytogenetics, t(4;11), and low hypodiploidy or near triploidy (chromosomes 30 to 39 and 60 to 78)]. Of the 394 patients (77.7%) in whom the leukemia-specific fusion transcript data were available, 89 (22.6%), eight (2.1%), eight (2.1%), and 12 (3.1%) tested positive for 3 jgo.org JGO -Journal of Global Oncology †Cytogenetic risk: standard-risk cytogenetics include normal karyotype and other non-HR abnormalities; t(9;22) and Ph-negative high-risk cytogenetics such as t(4;11), complex cytogenetics, and low hypodiploidy or tetraploidy (chromosomes 30 to 39 and 60 to 78). Eighteen patients had < 10 metaphases but a normal karyotype in the available metaphases. For purpose of this analysis, these patients were classified as having SR cytogenetics because of the absence of an HR marker.
BCR-ABL, TEL-AML, MLL-AF4
, and E2A-PBX transcripts, respectively ( Table 1) .
Risk Stratification and Distribution of Patients
Of the 344 SR patients (67.8%), two had received one cycle of HCVAD-based therapy before coming to our center and hence were continued on the same regimen. The modified GMALL regimen was offered to the remaining 342 SR patients (99.4%). None of these SR patients opted for palliation.
Of the 163 patients (32.2%) who were stratified at diagnosis as being HR, 53 (32.5%) opted to receive the intensified HCVAD-based regimen and an allo-SCT was performed in 18 of these patients (33.9%). Of the remaining 110 HR patients (67.5%), 59 (53.6%) opted to receive a modified GMALL regimen, whereas 51 (46.3%) opted for chemotherapy with palliative intent (individualized at treating physician's discretion). The baseline characteristics of the two different risk cohorts (SR and HR) and the two HR subsets treated with two different regimens are listed in Tables 2 and 3, respectively.
Induction Outcomes
Forty-nine patients (9.6%) did not have an assessment at the end of induction chemotherapy. Ten patients (1.9%) were lost to follow-up before their end-of-induction assessment, two patients (0.3%) refused a BM assessment, and a further 37 patients (7.2%) suffered induction deaths (Data Supplement and Table 4 ). A total of 433 patients (85.4%) achieved a CR, and 25 patients (4.9%) remained refractory at the end of induction ( Table 4) .
Outcomes of Patients Refractory to the Initial Induction
Of the 25 refractory patients (4.9%), five (20.0%) opted for palliation at a local place. Eleven patients (44%) continued therapy with the same 4 jgo.org JGO -Journal of Global Oncology protocol. Of these patients, four (36.6%) achieved transient remission but died later as a result of relapse and seven (63.6%) remained refractory and died later as a result of progressive disease (PD). Nine (36%) of the 25 refractory patients opted for intensified therapy with the HCVAD regimen. Of these nine patients, three (33.3%) achieved remission but experienced relapse later and died. Five patients (55.5%) remained refractory to therapy and died as a result of PD. One patient (11.1%) was lost to follow-up.
Profile of Disease Relapse
A total of 150 patients (29.5%) experienced relapse, with a median time to relapse of 14 months (range, 2 to 81 months; Table 4 ). Isolated medullary and extramedullary relapse was seen in 120 patients (80.0%) and 19 patients (12.6%), respectively. CNS was the most frequently involved extramedullary site (n = 14; 9.3%). Combined medullary and extramedullary disease was seen in 11 patients (7.3%). Of the 150 patients who experienced relapse, six patients (4.0%) continue to remain in second or third CR, and 144 patients (96.0%) have died as a result of PD after opting for palliation.
Current Status
At the time of study closure, 166 patients (32.7%) were in continuous CR and 61 patients (12%) were in CR on active treatment. Fifty-seven patients (11.2%) were identified as being lost to follow-up. Of a total of 217 deaths (42.8%), 163 deaths (75.1%) occurred as a result of PD and 54 deaths (24.8%) were secondary to infection and sepsis. Six patients achieved a second or third CR and were alive at the last documented follow-up ( Table 4) .
Univariable and Multivariable Analysis
On univariable analysis, older age at diagnosis was associated with an inferior EFS (age > 20 5 jgo.org JGO -Journal of Global Oncology 
Survival Statistics
The 5-year OS and EFS rates (± standard deviation) of the entire cohort were 50.0% ± 2.6% and 47.3% ± 2.7% ( Figs 1A and 1B) , respectively, at an actuarial median follow-up time of 59 months. The 5-year OS and EFS rates of the SR cohort were 61% ± 3.1% and 58.8% ± 3.2% ( Figs 1C and 1D) , respectively, whereas OS and EFS rates of the HR cohort were 27.2% ± 4.2% and 23.6% ± 4%, respectively ( Figs 1C and  1D) . The OS and EFS rates between these two groups were statistically significantly different (OS, P < .001; and EFS, P < .001). Among the HR subsets, the group that received the modified GMALL protocol (n = 59) had 5-year OS and EFS rates of 40.4% ± 8.1% and 35.1% ± 7.6%, respectively, whereas the group that received HCVAD with or without an allo-SCT based on availability of donor (n = 18) had 5-year OS and EFS rates of 26.6% ± 7.2% and 22.0% ± 6.8%, respectively ( Figs 1E and 1F) . However, there was no statistically significant difference in survival between these two groups (OS, P = .217; and EFS, P = .263). The survival analysis of the subset of patients who received only the modified GMALL regimen, which included SR and HR patients (n = 452) with different additional variables such as age, cytogenetic risk group, and immunophenotype, is shown Figure 2 and the Data Supplement.
Cost Analysis of Different Regimens
For cost analysis purposes, 15 HR patients were selected randomly from both subgroups (modified GMALL and HCVAD-based regimens). For the modified GMALL regimen subgroup (chemotherapy only; n = 15), the total cost incurred over 2.5 years from the date of first contact, which including all incurred outpatient and inpatient costs during initial induction, consolidation, and the subsequent 2 years of maintenance therapy, was included. For the group that received the HCVAD-based regimen (chemotherapy with or without maintenance [n = 8] or allo-SCT in first CR [n = 7]), the total cost incurred from the date of first contact, which included all incurred outpatient and inpatient costs during the initial induction, consolidation, and either 2 years of maintenance (n = 8) or up to 3 months after a successful allo-SCT (n = 7), was included. All cost-related data were the data captured comprehensively on the computerized hospital information and payment system. For the purpose of this analysis, only HR patients with an uneventful course and who had successfully completed their entire course of treatment were included. The average cost of treatment of patients in the modified GMALL subgroup and the HCVAD 6 jgo.org JGO -Journal of Global Oncology subgroup was 0.32 ± 0.16 million Indian rupees (US $3,800 ± $2,412.32) and 2.13 ± 1.10 million Indian rupees (US $32,000 ± $16,556.43), respectively (US $1 = 67 Indian rupees).
DISCUSSION
This single-center retrospective study over 10 years broadly illustrates the challenges and longterm outcomes of treating adult ALL (patients age ≥ 15 years) in India, although we do recognize that only a prospective multicenter study can definitively address the issue of dose intensification and improved clinical outcomes. With 5-year OS and EFS rates of 50.0% and 47%, respectively, the overall outcomes from our study cohort are comparable to several published studies. 2, 40, 41 Our induction mortality rate of 7.2% is similar to that from previously published studies. 2, 42, 43 Long distances of travel leading to delays before initiating treatment, environmental factors, and an increased risk of bacterial and fungal infections during the initial induction could partly explain our high induction mortality rate, as reported in this analysis and previously by us. 15, 22, 44 In this study, 11.2% of patients were lost to follow-up after an initial remission. In another study from India, Malhotra et al 13 had reported an abandonment rate of 14.9%. Although several reasons have been attributed to the discontinuation of the therapy, limited finances often remain the most significant factor leading to abandonment of treatment, as has been previously reported from our center in the context of treatment of acute myeloid leukemia. 22 The cost of intensified chemotherapy in HR subsets, which has been reported to be successful in developed countries, is often not feasible because of the high cost of such therapy, as illustrated in this study (10-fold more expensive than GMALL regimen in this study). In a predominantly self-pay system such as exists in India, only 32.5% of the HR patients could afford and opted for the HCVAD regimen. The relatively low-cost modified GMALL protocol used at our center offers an acceptable long-term survival rate, which has been previously reported by us and further validated in this analysis. 7 An interesting observation in our study was that we did not find a significant difference in outcomes between the two HR patient subgroups treated with either the low-cost modified GMALL regimen or the HCVAD-based regimen (with or without maintenance therapy or allo-SCT). Although not statistically significant, the lower incidence of PD in the HCVAD subgroup was offset by its higher nonrelapse mortality rate. It is important to note that this comparison was limited by its small numbers and the retrospective nature of the study.
This study illustrates the caution required in implementing dose-intensive regimens in resourceconstrained environments or where additional challenges exist in their implementation. One cannot assume that the excellent results with these regimens, often in the context of a clinical trial, will be duplicated in different economic and social settings. Attention also needs to be given to the additional cost required to administer such regimens, and the cost-effectiveness of such approaches needs to be carefully addressed.
